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Drawing Description 
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25 - apatite film. 



Abstract 

PROBLEM TO BE SOLVED: To provide medical equipment such as a guide wire or a stent coating apatite and equipment such as a filter 
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a guide wire 18, whereby the following surface treatment is facilitated and ensured. 
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All Claims (11) 
Claims (English) 

1. The hydroxyapatite film | membrane was coated to part or all of the surface of the base | substrate metal which comprises a 
medical device. 

The medical device characterized by the above-mentioned 

2. This hydroxyapatite film|membrane is the medical device of Claim 1 currently crystallized. 

3. This hydroxyapatite film | membrane is the medical device of Claim 1 or Claim 2 coated by the excimer laser ablation method. 

4. The hydroxyapatite film|membrane of this base [substrate metal surface raises a base|substrate metal in temperature in a high 
The decomposition | degradation product of a hydroxyapatite is then coated in a high vacuum, 

The medical device of Claim 1- Claim 3 formed by coating a hydroxyapatite film | membrane in water-vapor| steam or water- 
vapor|steam -containing gas atmosphere after that 

5. The hydroxyapatite film | membrane formed at this base | substrate metal surface is the medical device of Claim 4 currently 
crystallized by the hydrothermal process. 

6. The range of the film thickness of this hydroxyapatite film | membrane is 500Angstrom - 8000 Angstrom, 
The hydroxyapatite film|membrane of Claim 1- Claim 5 

7. The medical device of Claim 1- Claim 6 with which the coating material which becomes the surface of this hydroxyapatite 
film| membrane from a resin further is coat|covered 

8. The medical device of Claim 1- Claim 7 in which the chemical | medical agent is further applied or carry (supported by the surface 
of this hydroxyapatite film|membrane 

9. This medical device is a medical guide wire, 
The medical device of Claim 1- Claim 8 



10. This medical device is a medical stent, 
The medical device of Claim 1- Claim 8 



11. This medical device is a filter, 
The medical device of Claim 1- Claim 8 



{Translation from Thomson Reuters} 



Description 

DWPI Drawing Description 

The figure shows partial cross-sectional view of guide wire. (Drawing includes non-English language text). 

18 - guide wire. 

19 - handling portion. 

20 - leading end. 

21 - spring coil. 
25 - apatite film. 

Drawing Description 

Drawing Description 



Description 
Description 
TECHNICAL FIELD of the Invention 



This invention is related to medical devices, such as a guide wire which coated the hydroxyapatite (An apatite is called hereafter) 
film | membrane, a stent, a gas, or a filter for liquid filtration. 



PRIOR ART 



Medical guide-wire (The following, guide wire) is used in order to ensure the safety at the time of inserting a catheter into tubular 
cavities, such as cardiovascular. 

For example, a guide wire is used in order to ensure the safety in, when inserting the catheter of the ultra-fine flexibility tubular 
body aiming at an angiography into the blood vessel, or when inserting the balloon catheter aiming at the treatment of the 
obstruction | occlusion region of a coronary artery into the blood vessel. 

Conventionally, in order to perform insertion of a catheter safely reliably, the flexible wire is used as a material of a guide wire, 
For example, the well-known guide wire is disclosed in the Japanese Patent Publication No.4-25024,4-292175 grade. 

Even if it inserts the guide wire which consists of a flexible wire in the blood vessel of the complicated path | route to bend, and the 
branch blood vessel, it does not interfere in the blood vessel. 

When a guide wire advances the inside of the blood vessel, as for it, a load is applied to the front-end|tip part from the advancing 

direction again, 

Therefore 

Only the capability (normal-load property and buckling-proof property) in which the load can be endured is required of a guide wire, 

especially its front-end |tip part. 

Moreover, 

Furthermore, since the front-end |tip part of a guide wire achieves the role which leads the inside of the blood vessel when it 
advances the inside of the blood vessel, even if it carries out the bending deformation (transformation along a blood-vessel 
path|route, the capability (stability) decompress | restored to original state is required of this front-end|tip part. 

Operation of a guide wire is performed by rotating the hand part which is the rear end of the guide wire which positions at 
external [extracorporeal. 

Therefore, the capability (torsional rigidity) which can be equal to the rotation which accompanies operation, and its operativity 
(steering property) are also required of a guide wire. 

As a guide wire which conventionally satisfies said requirement, the guide wire of the form which carried out the insertion welding of 
the spring coil is also provided by the center line material of a narrow diameter. 

In a place, when introduce|transducing a guide wire to the branch blood vessel, the front-end|tip part of a guide wire is changed 
into a ""sideways V-shape"" a little, and the pre shape part is formed. 

After inserting the guide wire which has the pre shape part in a front-end |tip part into the blood vessel, if this front-end |tip part 
reaches to the vicinity of the junction of the blood vessel, a guide wire will be rotated and the pre shape part will be 
introduce|transduced to the branch blood vessel. 

The guide wire used by introduction [transduction in the branch blood vessel is also required to be able to form the pre shape part at 
a front-end|tip part easily in addition to high degree flexibility being required. 



The guide wire currently conventionally provided consists of a center line material of the superelastic alloy material of a Ni(nickel)-Ti 
(titanium) type|system|group, or the rigid alloy of SUS (stainless steel). 
For example, it is disclosed in Unexamined-Japanese-Patent No. 9-508538. 

On the other hand, it is inserted and detained in order that medical stent (The following, stent) may maintain the circulation of the 

blood in a vasoconstriction part, and a distribution[circulation, 

However 

As this stent (for example), it is disclosed in Japanese Patent Publication No. 9-2703510, Unexamined-Japanese-Patent No. 10- 
5344,10-328216. 

These stents have the structure which can be extendi expanded in detention locations, such as predetermined blood vessel. 
There exists a thing of various form in a stent. 

For example, it is the stent extendi expanded after arranging in the blood vessel through a balloon catheter, 
Comprising: 

There exist some which consist of cylindrical body which consists of a board | plate material shape | molded by the winding helical 
spring or zigzag pattern shape of a spiral shape. 

A good material of bioaffinity, such as the thermal metal and Ni-Ti alloy which are extendi expanded after blood-vessel interpolation 
ON, a SUS material, titanium, a tantalum, is used as a material which comprises these stents. 

It is a place and they are an artificial bone and an artificial dental root conventionally. 
WHEREIN: 

Coating an apatite (Ca 10 (PO 4 ) 6 (OH) 2 ) film|membrane is performed to the surface. 

This is for giving bioaffinity to this metal surface by coating an apatite film|membrane to the surface of a base|substrate metal. 

Moreover, the apatite has the adsorptivity and ion exchange property which adsorb|suck a specific material, 
Therefore 

In order to perform the removal of the unnecessary component in a gas or a liquid, and a purification|cleanup, it uses as a filter. 
For example, the gas or the filter for liquid filtration which uses the powdery substance or pellet of an apatite as a filler is provided. 

PROBLEM to be solved by the Invention 

Conventionally, coating an apatite is performed to the artificial bone and the artificial dental root, 
However 

An apatite was not coated at medical devices, such as a guide wire, a stent, a filter. 



Because, medical devices, such as a guide wire, a stent, and a filter, consist of a base | substrate which has a curved surface with a 
small radius of curvature, and a deformation [transformation of bending, curving, etc. is accompanied at the time of preparation at 
the time of use, 

Therefore, even if it coats an apatite to these medical devices, it is because a crack and peeling|exfoliation will 
generate|occur| produce on the film|membrane of an apatite. 

Moreover, in medical devices, such as a guide wire and a stent, it is required that coating a resin etc. uniformly to the surface or a 

chemical|medical agent should be carry |supported, 

However 

The base | substrate metal surface of the conventional medical device had bad affinity with a resin or a chemical|medical agent, and 

it was not easy to coat a resin etc. uniformly and to apply and carry|support a chemical|medical agent uniformly. 

Moreover, conventionally the filter filled with the fine particle of an apatite, the pellet, etc. is provided as a gas or a filter for liquid 

filtration. 

However 

It is still smaller than this kind of filter, and provision of the filter which is excellent in the filtration function is desired by the end of 
today. 

MEANS to solve the Problem 



This invention sets it as said SOLUTION OF THE INVENTION, and provides the medical device which coated the apatite 
film| membrane to part or all of the surface of the base | substrate metal which comprises a medical device. 

You have to contact | adhere firmly the apatite film|membrane which is coated and is formed at this base | substrate metal surface to 
this surface. 

As for this apatite film | membrane, crystallizing is desirable. 

This apatite film | membrane becomes ceramic structure by crystallizing. 

Characteristics, such as bioaffinity which an apatite has, can be exhibited. 

In order to coat an apatite film|membrane firmly and thinly to a base | substrate metal surface, in this invention, an apatite 
film| membrane is coated by the excimer laser ablation method. 

It is the method of coating an apatite as a method of coating the apatite film | membrane of the apatite crystallized to said 
base | substrate metal surface by the excimer laser ablation method, while crystallizing, 
The apatite film|membrane which consists of an amorphous amorphous apatite is coated, 

There exists the method of hydrothermal-processing after that and crystallizing the apatite of this apatite film | membrane. 
Coating of the apatite film|membrane of this base|substrate metal surface of the medical device of this invention 
WHEREIN: 

A base | substrate metal is raised in temperature in a high vacuum. 

The decomposition | degradation product of an apatite is then coated in a high vacuum, 

The method of forming by coating an apatite film|membrane in water-vapor|steam or water-vapor|steam -containing gas 
atmosphere after that is also applied. 

In addition, this apatite film| membrane is hydrothermal-processed and crystallized depending on necessity. 

The medical device of this invention 
WHEREIN: 

The coating material which consists of a resin etc. further is coat|covered by the surface of the coated apatite film|membrane, 
Moreover, a chemical | medical agent is applied or carry | supported by the surface of this apatite film|membrane. 
As for the medical device of this invention, the apatite film | membrane is coated, 
Therefore 

It is easy to coat|cover a coating material, and a chemical|medical agent is applied and it is easy to carry|support it. 

As a medical device (for example) of this invention, there exists a clarifying filter of a medical guide wire, a medical stent, a gas, or 
a liquid. 

The medical device of this invention consists of a base | substrate which has a curved surface with a small radius of curvature, and it 

bends and curves at the time of use of a medical device, or preparation. 

However 

Extent, such as the curved surface and bending, changes with specifications of each medical device. 

Therefore, according to each medical device, the film thickness of an apatite film|membrane are determined suitably, 

However 

The film thickness of this apatite film|membrane become like this in this invention. 
It is the range of SOOAngstrom - 8000 Angstrom desirably, 
Furthermore, it is the range of 700Angstrom - 5000 Angstrom desirably, 
Moreover, 

Furthermore, it is the range of lOOOAngstrom - 2000 Angstrom desirably. 

If the apatite film|membrane in the range of such film thickness is used, the function which apatites, such as bioaffinity, a 
chemical|medical-agent carrying |support, adsorption | suction of an unnecessary substance, and ion exchange, have can be 
exhibited, 

And the crack of an apatite film|membrane and peeling|exfoliation can be prevented. 

When the function which an apatite has when the film thickness of an apatite film | membrane become thinner than 500 Angstrom 
cannot be exhibited enough and film thickness become thicker than 8000 Angstrom, a crack and peeling | exfoliation will come to 
generate|occur|produce on an apatite film | membrane. 

EMBODIMENT of the Invention 



Hereafter, this invention is demonstrated in detail. 



The apatite film | membrane formed at the surface of the base | substrate metal of medical devices, such as a guide wire and a stent, 
completely or partially in this invention is formed by the excimer laser ablation method. 
FIG. 1 demonstrates the outline of the apparatus used by the excimer laser ablation method. 

As FIG. 1 shows, within vacuum film-forming chamber (1), the overhead line of base | substrate metal (3) (wire) is carried out 
between reel (16) which sends out this base | substrate metal (3), and reel (17) which winds this base|substrate metal (3), 
Target (5) obtained by forming by pressure an apatite powder with a metal mold|die is installed facing this base | substrate metal 
(3). 

In addition, when only a predetermined location forms an apatite film | membrane, a shielding mask is installed in the 
circumference|surroundings of the location of base|substrate metal (3) which does not form an apatite film|membrane. 

It exhausts to a predetermined degree of vacuum in this state with the rotary pump and turbo molecular pump of exhaust-system 

(2) in vacuum chamber (1). 

Base | substrate metal (3) is raised in temperature to predetermined temperature by heater (4) after exhaust_gas|exhaustion. 
Next, water-vapor|steam or water-vapor|steam -containing gas is introduce|transduced in this vacuum chamber (1) from gas 
introduction|transduction nozzle (6), 
Target (5) is irradiated with ArF excimer laser (7), 

An apatite film|membrane is coated to the base | substrate metal (3) surface which discharge|releases the atom and ion cluster 
which decompose|degraded the apatite and opposes. 

Oxygen gas-water-vapor|steam mixed gas, argon gas-water-vapor|steam mixed gas, helium gas-water-vapor|steam mixed gas, 
nitrogen gas-water-vapor|steam mixed gas, air-water-vapor|steam mixed gas etc. is used as said water-vapor|steam -containing 

In this case, when the gas pressure of water-vapor| steam or water-vapor|steam -containing gas is enlarged (i.e., when it is made 
the high atmosphere of water-vapor|steam or water-vapor| steam -containing gas), the decomposition|degradation component of an 
apatite will become the in situ (inch-situ) method to which coating is performed, crystallizing and growing on a base | substrate metal 

(3) surface. 

On the other hand, when the gas pressure of water-vapor|steam or water-vapor|steam -containing gas is lowered (i.e., when it is 
made the low atmosphere of water-vapor|steam or water-vapor|steam -containing gas), it will become coating which the 
amorphous apatite deposited on the base | substrate metal (3) surface. 

In this case, an amorphous apatite is crystallized by hydrothermal-processing in high temperature water vapor|steam (the 
post|mailboxannealing method) after coating. 

Medical devices at which the apatite film | membrane of this invention was formed, such as a guide wire and a stent, are 
demonstrated. 

Guide-wire (18) consists of a center line material of a flexible ultra-fine wire as shown in FIG. 2. 

Front-end |tip-part (20) of this guide-wire (18) is inserted into blood-vessel (23), 

However 

In the case of this insertion, narrow-diameter processing of this front-end |tip-part (20) is carried out so that it can 
introduce|transduce branch blood-vessel (24) (refer FIG. 3). 

When introduce|transducing front-end |tip-part (20) of this guide-wire (18) to an intravascular predetermined location, it is carried 
out by operating the center line material (hand part (19)) of the hand side. 

Therefore, guide-wire (18), the structure where front-end |tip-part (20) can be reliably introduce|transduced to a predetermined 
location in particular by operation of hand part (19) at the front-end |tip-part (20), and its constituent_material are required. 
Moreover, as front-end |tip-part (20) of this guide-wire (18), the front-end|tip part which coat|covered resins, such as the front- 
end|tip part which narrowed the center line material, the front-end|tip part which welded the ultra-fine coil, a fluororesin, is used. 
In addition, a well-known material with which the constituent_material of front-end|tip-part (20) of this guide-wire (18) is used for a 
body insertion of a SUS material, a Ni-Ti material, etc. is used. 

The lubricating agent for improving the slide at the time of blood-vessel insertion and a chemical | medical agent are coated at the 
surface of front-end | tip-part (20). 

These chemical | medical agents consist of an organic compound, and this chemical | medical agent has an apatite film | membrane and 
good adhesion. 

Apatite film|membrane (25) is formed at front-end |tip-part (20) of guide-wire (18), 

By modify|reforming the surface of front-end |tip-part (20), said coating and the carrying | support of a chemical|medical agent 
become easy. 

Moreover, by apatite film|membrane (25), it becomes favorable [ the bioaffinity of guide-wire (18) ]. 

There exists front-end |tip-part (20) which welded spring coil (21) as shown in front-end |tip-part (20) or FIGS. 4-6 of a center line 
material as shown in FIG. 2 as front-end |tip-part (20) at which the apatite film|membrane was formed. 

In addition, when forming apatite film|membrane (25) at spring coil (21), it may coat before welding of this coil (21), and apatite 
film| membrane (25) may be formed at the surface-whole of wire (22) of this coil (21) (refer FIG. 5), or apatite film|membrane (25) 
may be formed at the surface of this coil (21), i.e., the one part surface of wire (22) of this coil (21), after welding (refer FIG. 6). 

The center line material which comprises hand part (19) of guide-wire (18) is required to be excellent in mechanical characteristics, 
such as rigidity. 

Therefore, in order to improve the slide of this hand part (19) in the case of introduction [transduction into the blood vessel of guide- 
wire (18), the lubricating agent etc. is coated at the guide-wire (18) surface. 

Stent (26) is shown in FIGS. 7-9. 

This stent (26) is the structure which can be extend|expanded, 

It consists of cylindrical body of the network structure which consists of a ultra-fine metal fine wire. 

Stent (26) inserts a balloon into the inside, 

It is inserted into a catheter in the shrink|contracted state. 

This stent (26) makes a balloon swell|expand in the predetermined location of the blood vessel. 
It extend | expands. 



Therefore, the intensity|strength which can endure the external pressure which receives stent (26) after the time of 
extension |expantion or detention is required. 

The material used by stent (26) is well-known material which can be used in vivo, such as a SUS material. 

Moreover, a chemical|medical agent etc. may be carry|supported into the whole surfaces and/or parts of the outer surface of stent 
(26), and/or an inner surface. 

Then, if an apatite film|membrane is formed at the surface of stent (26), a chemical|medical agent etc. can be carry|supported 
easily. 

Moreover, the bioaffinity of a stent improves with an apatite film | membrane. 

On the whole [ this base | substrate metal surface ], the apatite film|membrane formed at the base | substrate metal surface of the 

medical device of this invention may be formed. 

Moreover, it is sufficient to form at a required location partly. 

The medical device at which the apatite film|membrane of this invention is formed effectively is a thing by which a base | substrate 
metal is deform|transformed into bending and curving at the time of the thing which has a curved surface with a small radius of 
curvature of a guide wire, a stent, etc., use, or preparation. 

An apatite film | membrane coats also to the gas which consists of a metal fine wire or a metal thin-plate material, or the structure 
base | substrate metal surface of the filter for liquid filtration, 
An adsorptivity and ion exchange property are utilized. 

The coating material which consists of a resin (For example, a silicone resin, a fluororesin, etc.) on the apatite film | membrane of 
this invention is coat|covered, or an application or carrying |support of or a lubricating agent, an antithrombotic, an X ray contrast 
agent, a therapeutic agent etc. of a chemical | medical agent is performed. 

There exists a hydrophilic thing, and there exists a hydrophobic thing in a coating material and a chemical| medical agent (The 
following, chemical | medical agent, etc.), 

There also exists a thing which cannot be directly carry |supported to a metal surface with a chemical|medical agent etc. 

The application of coating | cover of the coating material to the apatite film | membrane of this invention, a chemical | medical agent, 

etc. and a carrying |support can be performed easily. 

That is because hydrophilic OH group and a hydrophobic P0 4 group exist in an apatite. 

The medical device of this invention can perform easily the application of coating|cover of a coating material, a chemical|medical 
agent, etc., and a carrying | support by modify | reforming the base surface which consists of metals, such as a guide wire, with an 
apatite film | membrane. 

A test piece is prepared from the base | substrate metal which formed the apatite film | membrane of this invention, 
Bending strength of this test piece was examined. 
Hereafter, the experimental content is demonstrated. 

500(angstrom), lOOO(angstrom), 3000(angstrom), 5000(angstrom) and an apatite film|membrane with a film thickness of 10000 
Angstrom are each formed at the base|substrate metal surface which consists of a SUS316 material (thickness: 0.05 mm, width:0.2 
mm) on a base | substrate metal surface by the ArF excimer laser ablation method, 
Test pieces B, C, D, E, and F were produced. 

In addition, the test piece A was prepared as a test piece which does not form an apatite film | membrane. 

A bending tester performs a three-point bending test (spun] span length: 5 mm) for test-piece A-F obtained by the above, 

The bending load to 1 mm of bending displacements was measured. 

The result was shown to FIG. 10 and FIG. 11. 



As above-mentioned, the range of the desirable film thickness of an apatite film|membrane is 500Angstrom - 8000 Angstrom at this 

invention, 

However 

Even if an apatite film| membrane is formed as they are the film thickness of this range, the rigidity of a base|substrate metal does 
not change almost. 

Therefore, it was confirmed that it is possible to modify|reform this metal surface, without changing the mechanical characteristics, 
especially bending strength of a base|substrate metal, even if film thickness formed the apatite film|membrane in said range at the 
base | substrate metal surface. 

Moreover, the crack and peeling | exfoliation state of an apatite film|membrane of each test piece were observed, having applied 
test-piece (Test pieces G (film thickness of OAngstrom), H (film thickness of 500Angstrom), I (film thickness of lOOOAngstrom), J 
(film thickness of 3000Angstrom), K (film thickness of 6000Angstrom), L (film thickness of 8000Angstrom), and M (film thickness of 
lOOOOAngstrom)) obtained by forming an apatite film| membrane at said base | substrate metal to the tension test machine. 
The result was summarized in FIG. 12. 

The range of the oblique line in FIG. 12 shows the range which does not generate|occur|produce a crack and peeling |exfoliation with 
respect to a tension displacement. 

From the result of said test, the film thickness of an apatite film|membrane were understood that adhesion to a base | substrate 
metal is so good that it is thin. 

Moreover, if the film thickness of an apatite film|membrane are to about 3000Angstrom, this apatite film|membrane will be equal to 

a displacement of 30% of base | substrate metal. 

Moreover, 

Furthermore, even if film thickness set by about 8000Angstrom, it turned out that an apatite film | membrane can be equal to 10% of 
displacement. 

Generally, the base I substrate metal in utilization to medical devices, such as a guide wire and a stent, and other apparatuses 

deform Itransforms at the time of use, or it deform Itransforms at the time of preparation, 

However 

Usually, it is few|small when, 10-% or more base | substrate metal is deform|transformed. 

Therefore, in the apatite film|membrane of this invention, the film thickness [ film thickness ] according to the specification in the 
range of 8000Angstrom or less are set, 



Generation I occurence I production of a crack and peeling [exfoliation is prevented. 



The apatite film | membrane of this invention has bioaffinity. 

Adhesion to the base|substrate metal of an apatite film|membrane becomes better, so that film thickness become thin. 
However 

It is possible that bioaffinity reduces. 

Then, in order to investigate the film thickness of an apatite film | membrane, and a relationship with bioaffinity, cell culture 
experiment of a fibroblast was conducted. 
Hereafter, the experiment method is demonstrated, 
The result of experiment was shown in FIG. 4. 

Film thickness (500 Angstrom, lOOOAngstrom, and 3000 Angstrom) of an apatite film | membrane is formed at the surface of each 
base | substrate metal (SUS304L material) by the excimer laser ablation method, 
Test pieces O, P, and Q were obtained. 

In addition, the test piece N (apatite filrn|membrane absence) was prepared as a comparison. 
Autoclaving processing of these test pieces N, O, P, and Q was carried out with the autoclave. 

The cell density was prepared for mouse|mouth fetus extraction|collection 3rd generation fibroblast (The following, fibroblast) to a 
2.5*10 4 piece / ml by cell culture liquid (10-% fetal-calf-serum packed Dulbecco displacement eagle culture medium, DMEM). 

1 ml of fibroblasts and each test piece which were respectively prepared by one hole of 4 well plate were put, and it 
culture|cultivated for one day, two days, and three days in the carbon-dioxide culture container (temperature: 37 degrees C, 
carbon-dioxide: 5.0%). 

A test piece is taken out after each culture|cultivation, 

The fibroblast this whose test piece is not fix|adhered with a Dulbecco phosphate buffer (cell washing|cleaning liquid) was washed 

Then, it put into the ethylenediaminetetraacetic acid combination trypsin (protease), and the cell which neglects for 1 minute and is 
fix|adhered to the test piece was peel|exfoliated. 

After peeling | exfoliation, 1 ml of said cell culture liquids is added, and they are taken out 1 microliter, 

The cell number was read with the blood-cell conversion board. 

The read cell number — 10 4 times — carrying out 

Let per 1 ml be a cell density, 

It was set as the vertical axis in FIG. 13. 



From the result of FIG. 13, if film thickness are 500Angstrom or more, the bioaffinity which is the function of an apatite 
film| membrane can be exhibited. 

In addition, in FIG. 13, cell growth of a cell number stagnates by 11*10 4 piece vicinity because the cell reached the proliferation 
saturation limit. 



Hereafter, an Example demonstrates this invention. 

However, this invention is not limited only to the Example shown below. 

[Example 1] 

Guide-wire (27) which has apatite film|membrane (38) in FIG. 14 is shown. 

The stainless steel thin wire|line of SUS304 was used as center line material (28) of this guide-wire (27). 
The outer diameter of hand part (29) of this guide-wire (27) is 0.33 mm(phi). 
The full length of guide-wire (27) is 1800 mm. 

Moreover, this guide-wire (27) is applied to front-end |tip-part (30) from hand part (29), by the centerless grinder, it dwindles a wire 
diameter and narrow-diameter processing is carried out. 

First edge-part (31) is ground and ground | polished by length 40 mm and diameter 0.06 mm. 

Front-end |tip-part (30) of this guide-wire (27) consists of 2nd taper-portion (34) (length 45 mm) connected to first edge-part (31), 
1st taper-portion (32) (length 50 mm) connected to the first edge-part (31), 1st the same diameter part (33) (length 60 mm, outer 
diameter 0.15 mm (phi)) connected to said 1st taper-portion (32), and said 1st the same diameter part (33). 

On the other hand, hand part (29) of guide-wire (27) consists of 3rd the same diameter part (37) (outer diameter 0.33 mm (phi), 
length 1420 mm) connected to 2nd the same diameter part (35) (length 80 mm, outer diameter 0.185 mm (phi)) connected to 2nd 
taper-portion (34) of front-end |tip-part (30), 3rd taper-portion (36) (length: 60 mm) connected to said 2nd the same diameter part 
(35), and said 3rd taper-portion (36). 

Apatite film|membrane (38) (film thickness are 3000 - 5000Angstrom) was formed at the surface of front-end |tip-part (30) except 
first edge-part (31), i.e., 1st taper-portion (32), 1st the same diameter part (33), and 2nd taper-portion (34). 

On the other hand, fluororesin (39) is coat|covered by the surface of 2nd taper-portion (34) of hand part (29), 2nd the same 
diameter part (35), 3rd taper-portion (36), and 3rd the same diameter part (37). 

[Example 2] 

Guide-wire (40) which has apatite film|membrane (46) which is an another Example in FIG. 15 is shown. 
To front-end |tip-part (41) of this guide-wire (40), spring coil (44) of a ultra-fine wire is welded. 
The SUS304 stainless steel material was used as center line material (42) of this guide-wire (40). 
The outer diameter of hand part (43) of this guide-wire (40) is 0.34 mm(phi). 
The full length of guide-wire (40) is 1800 mm. 

It is set as the taper shape from the rear end of hand part (43), applying this guide-wire (40) to front-end|tip-part (41) from a 1450 
mm part. 

Spring coil (44) currently welded to front-end |tip-part (41) is a solid coiling coil which consists of a thin wire|line of the SUS316 
stainless steel material of outer diameter 0.07 mm. 
The length of this spring coil (44) is 300 mm. 



Moreover, first edge-part (45) (30 mm) of this spring coil (44) consists of a Pt-Ni thin wire|line. 

This spring coil (44) carries out the wire drawing of what welded the SUS316 thin wire|line and the Pt-Ni thin wire|line beforehand 
before coil preparation to 0.07 mm(phi), 
It winds in a coil. 

In addition, this first edge-part (45) becomes a X-ray viewability (recognition marker for a front-end |tip position confirmation at the 
time of guide-wire (40) use. 

Apatite film | membrane (46) is formed at the entire surface of hand part (43) of guide-wire (40) of a present Example, 

Coating-material (47) which consists of a fluororesin further on this apatite film | membrane (46) is coat| covered. 

Moreover, the silicone resin (poly-dimethyl siloxane) is coat|covered by first edge-part (45) which consists of a Pt-Ni thin wire|line. 

As for hand part (43) of guide-wire (40) of a present Example, apatite film | membrane (46) is formed, 

Therefore 

Coating-material (47) of a fluororesin was able to be coat|covered easily. 
[Example 3] 

In FIG. 16, guide-wire (48) which has apatite film|membrane (52) is shown as other Example. 
This guide-wire (48) is normally called a plastic guide wire, 
It is full length 1500 mm. 

Center line material (49) (outer diameter 0.56 mm (phi)) of this guide-wire (48) makes three thin wire|lines (SUS304 material of 
outer diameter 0.28 mm (phi)) a S roll strand wire, 
Swaging processing of this strand wire is carried out. 

The first edge-part (52) (30 mm) of front-end |tip-part (50) of said center line material (49) is the same diameter (outer diameter 

0.20 mm (phi)), 

However 

Except first edge-part (51), center line material (49) is cut by a centerless grinder, and it has become a taper shape (180 mm). 
Moreover, as for front-end|tip-part (50), apatite film|membrane (52) (film thickness are 3000Angstrom) is formed from the first 
edge-part (51) to the 70 mm location. 

Moreover, on this apatite film | membrane (52), coating-material (53) which consists of a Nylon which mixs a bismuth trioxide (50 

weight%) is coat| covered, 

Moreover, 

Furthermore, hydrophilic polymer (54) (a main ingredient is polyvinyl pyrrolidone) is coated on this coating-material (53). 

In addition, the outer diameter of center line material (49) of the state which coated coating-material (53) of this Nylon is 0.80 mm 

(Phi), 

The outer diameter of center line material (49) of the state which coated hydrophilic polymer (54) is 0.85 mm(phi). 

The surface of this front-end |tip-part (50) can be modify | reformed without impairing the operativity of guide-wire (48) by having 

formed apatite film | membrane (52) at front-end |tip-part (50) of center line material (49), 

Therefore, coating-material (53) of a Nylon was able to be firmly contactl adhered on this apatite film|membrane (52). 
[Example 4] 

Stent (55) which has apatite film | membrane (57,57) in FIG. 17 is shown. 

This stent (55) consists of cylindrical body (56) (outer diameter 2.5 mm, length 23 mm) of a mesh | network pattern which consists 
of a thin-plate processing thin wire|line (plate width 0.05 mm) of a SUS316L material as shown in FIG. 8. 

This stent (55) has structure which is what processed the thin-plate cylindrical body material by the photo etching, and can be 
extend |expanded after insertion to an affected region in the living body at the time of detention. 

Apatite film|membrane (57,57) was formed at the inner surface and outer surface of said cylindrical body (56) with the film 
thickness of 500 - 1000 Angstrom. 

Stent (55) of a present Example is easy to carry|support chemical | medical agents, such as an antithrombotic, to apatite 
film|membrane (57,57). 

[Example 5] 

Coil (58) used by the filter for liquid filtration at FIG. 18 is shown. 

This coil (58) is coil (58) which wound the SUS thin wire|line of diameter 0.07 mm (phi) which consisted of (lst-layer coil (59), 2nd- 
layer coil (60), and 3rd-layer coil (61)) three layers and coated apatite film|membrane (62) so that it might be set to outer- 
diameter (D x ) =0.59 mm(phi) and internal-diameter (D 2 ) =0.3 mm(phi). 

This filter bundles some coil (58) and filters from the internal side of this coil (58) by a liquid allowing the slit during a coil|winding 
to pass through to an outer-side part. 

When a liquid passes through the #Mh1 slit of the thin wire|line which coated apatite film|membrane (62), the unnecessary 
substance in a liquid is adsorbed Isucked, 
Or ion exchange is carried out. 

In addition, this filter can be filtered even if a liquid is high temperature, since a constituent_material consists of a metal fine wire 
which coated apatite film|membrane (62). 

Moreover, since this filter has high intensity |strength, it is also possible to carry out the reverse current cleaning of the filter. 

Even if the medical device which has the apatite film| membrane of this invention was a case accompanying a big 
deformation [transformation (bending, curving) at the time of use or preparation, the crack of this apatite film|membrane and the 
problem of generation|occurence|production of peeling | exfoliation were solved by setting the film thickness of an apatite 
film|membrane so that it can be equal to the deformation [transformation. 

Moreover, as for the medical device of this invention, with an apatite film|membrane, the surface of a base | substrate metal is 
modifylreformed, namely, bioaffinity becomes favorable. 

And the carrying! support of a chemical | medical agent and coating |cover of a coating material were able to implement easily. 
Moreover, let structure base|substrate material be a metal in the apparatus using the adsorptivity as characteristics of an apatite, 
and ion exchange property in what requires the mechanical strength at the time of its use, 
It was presupposed that it is configurable as a composite material which coated the apatite to the surface. 

Preparation of what can be endured enough was completed in the deformation | transformation at the time of preparation of an 



apparatus, or use by setting the coating film thickness of an apatite appropriately. 

High temperature filtration and preparation of a filter were also completed using the wire or board | plate material which coated the 
apatite in particular. 



ADVANTAGE of the Invention 



Neither a crack nor peeling | exfoliation generate |occur| produces on the apatite film|membrane coated at medical devices, such as a 
guide wire of this invention, a stent, and a filter. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[FIG. 1] 

The profile figure of an excimer laser ablation apparatus 
[FIG. 2] 

Partial cross-section explanatory drawing of a guide wire 
[FIG. 3] 

Explanatory drawing of the guide wire introduce|transduced to the branch blood vessel 
[FIG. 4] 

Sectional drawing of the front-end |tip part of a guide wire with a spring coil 
[FIG. 5] 

Sectional drawing of the guide wire of FIG. 4 
[FIG. 6] 

Sectional drawing of the guide wire of FIG. 4 
[FIG. 7] 

Partial explanatory drawing of a stent 
[FIG. 8] 

The expanded view of the stent of FIG. 7 
[FIG. 9] 

Explanatory drawing of the extension |expantion state of the stent of FIG. 7 
[FIG. 10] 

The three-point bending test of the test piece which has an apatite film | membrane 
WHEREIN: 

It is the figure which demonstrates the relationship of a bending load to be a bending displacement. 
[FIG. 11] 

The three-point bending test of the test piece which has an apatite film | membrane 
WHEREIN: 

It is a figure explaining the film thickness of an apatite film | membrane, and the relationship of a bending load. 
[FIG. 12] 

The tension test of a test piece which has an apatite film | membrane 
WHEREIN: 

It is a figure explaining the relationship between a tension displacement and the crack generation of an apatite film|membrane. 
[FIG. 13] 

The culture study of the fibroblast of a test piece which has an apatite film|membrane 
WHEREIN: 

It is the figure which shows the relationship between culture|cultivation time (days) and a cell number. 
FIG. 14 shows one Example of this invention. 
[FIG. 14] 

Fragmentary sectional view FIG. 15 of the guide wire at which the apatite film|membrane was formed shows the another Example of 
this invention. 
[FIG. 15] 

Fragmentary sectional view FIG. 16 of the guide wire with a spring at which the apatite film | membrane was formed shows other 
Example of this invention. 
[FIG. 16] 

Fragmentary sectional view FIG. 17 of the plastic guide wire at which the apatite film|membrane was formed shows other Example 
of this invention. 
[FIG. 17] 

The fragmentary sectional view of the stent which formed the apatite film | membrane 
[FIG. 18] 

The side view of the three-layer coil|winding coil filter which consists of a thin wire|line which formed the apatite film | membrane 
Description of Symbols 



Vacuum film-forming chamber 
2 

Exhaust system 
3 

Base | substrate metal 
4 

Heater 
5 

Apatite target 



Gas introduction (transduction nozzle 



9 

10 Window 

11 Slit 

12 Heater temperature controller 

13 Thermometer 

14 Thickness gage 

15 Gas introduction [transduction path 

16 Sending reel 

17 Winding reel 

18 Guide wire 

19 Hand part 

20 Front-end |tip part 

21 Spring coil 

22 Spring coil wire 

23 Blood vessel 

24 Branch blood vessel 

25 Apatite film | membrane 

26 Stent 

27 Guide wire 

28 Center line material 

29 Hand part 

30 Front-end |tip part 

31 First edge part 

32 1st taper portion 

33 1st the same diameter part 

34 2nd taper portion 

35 2nd the same diameter part 

36 3rd taper portion 

37 3rd the same diameter part 

38 Apatite film | membrane 

39 Fluororesin 

40 Guide wire 

41 Front-end [tip part 

42 Center line material 

43 Hand part 

44 Spring coil 

45 First edge part of spring coil 

46 Apatite film | membrane 

47 Coating material (fluororesin) 

48 Guide wire 

49 Center line material 

50 Front-end [tip part 

51 First edge part 

52 Apatite film | membrane 

53 Coating material (Nylon) 

54 Hydrophilic polymer 

55 Stent 

56 Cylindrical body 

57 Apatite film | membrane 

58 Coil for filter 

59 lst-layer coil 

60 2nd-layer coil 

61 3rd-layer coil 

62 Apatite film | membrane 
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